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ABSTRACT 

Knee is one of the most body parts which can be injured from sport activities. The 

injury rate in female athletes is higher than male. Low skill athletes had higher injury rate when 

compared with more skilled athletes. The ACL injury is a serious injury which takes long time 

and high medical fee to recover. Thus, LESS was used to evaluate risks for ACL injury.  The 

objective of this study was to find the relationship of LESS score between two groups of 

different skill level female athletes. Forty-four participants were recruited from female 

undergraduates of Mahidol University. Participants were divided into two groups due to their 

skill levels. Group I, Thirty participants (age; 19.37 ± 1.07 yrs, height; 163.40 ± 6.38 cm, weight; 

55.97 ± 8.37 kg, BMI; 20.90 ± 2.27) and Group II, fourteen participants (age; 19.29 ± 0.91 yrs, 

height; 163.82 ± 4.82 cm, weight; 58.22 ± 8.99 kg, BMI; 21.66 ± 2.81). Participants did 

performance tests and LESS test. LESS videos were recorded by two cameras at 300 fps at 

frontal and sagittal plane. Pearson 𝑥2 test was used to find and independent between LESS score 

and skill levels.  The significant level was set at 𝑝 < 0.05 

There was no independence between LESS score and skill levels (𝑥2 = 8.899, 𝑑𝑓 

= 3, 𝑝 = 0.031). In conclusion, risk for ACL injury was higher in low skill athletes regardless of 

physical performance. 
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CHAPTER I 

INTRODUCTION 

 

 

In sport activities, injuries can occur as an accident, with or without 

contact. The main injuries found in lower extremity which have incident rate more 

than half of all injuries, especially ankles and knees. Although ankle injury has a 

higher incident rate than knee, it has less severity. But knee has a "serious" common 

injury which results in season-ending or career-ending, an anterior cruciate ligament 

(ACL) injury. [1-11] 

An ACL injury can be divided into two causes, contact and non-contact. 

ACL injury commonly occurs by non-contact cause. Movements such as cutting, 

landing, or twisting occasionally have knee valgus motion which can lead into injuries. 

Knee valgus and internal tibial rotation in movement play a major role in ACL injuries 

because of greatly increased load to ACL. [12, 13] 

There are multiple factors of ACL injuries in sports. Gender is one of the 

factors, because of some differences in anatomical alignment between gender result in 

different biomechanics in physical activities, such as running, jumping, and landing. 

Compared to male, female has more chance of hip and knee displacement both in 

frontal and transverse plane, more hip adduction, hip internal rotation, and knee 

abduction angle when they have movement. In jumping and landing, female has more 

knee displacement in frontal plane and more asymmetric initial foot contact which 

related to the higher rate of ACL injury. Female athletes tend to have higher rate of 

lower extremity injured than male athletes, especially knee, due to increased knee 

valgus angle and increased external knee valgus moment. [1, 10, 14, 15] 

Moreover, there are several studies indicated the relation between skill 

level and injury incidence. The studies found more injury incidences from low level 

athletes more than skilled athletes. Because low level athletes usually have less of 

physical condition, experiences, skills, training exposure, and warm-up program when 

compared to high level athletes. Low level athletes’ injuries tend to occurred from 
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poor or wrong movements due to lack of physical condition and skills in training and 

competition, a non-contact cause. High level athletes’ injuries tend to occurred from 

heavy training and over exertion in high level competition, especially in contact sport.  

[47, 48, 54] 

It would be a long time recovery with high medical fee if athletes are 

going to ACL reconstruction. There were many studies focused on assessment and 

prevention of ACL injuries. 

The Landing Error Scoring System (LESS) has been reported as a valid 

and reliable clinical assessment tool. The test is about jump-landing movement 

patterns that can evaluate the quality of lower extremity biomechanics. The higher the 

score means the poorer biomechanics. [15] 

There were some studies compared LESS with different skill levels, but 

not in specific sports. Therefore, this study focused on basketball and volleyball which 

have same trait of LESS protocol. In basketball, jump-landing movement occurs 

during jump-shot, lay-up, blocking, and rebounding. In volleyball, jump-landing 

occurs during jump serve, jump set, blocking, and spike. These skills are basically 

used throughout the entire game. 

High LESS score means high risk to sustain ACL injury. In contrast, the 

lower score means a low risk to sustain ACL injury. For preventions or training 

programs which mean to reduce LESS score, understanding about relation between 

LESS and other physical abilities are important. LESS can classify high risk players 

while other risk factors can indicate which one that need to be improved, in personal, 

or training program. 

 

 

1.1 Research question 

 Does different skill level have any impact to LESS score in female athletes? 
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1.2 Purposes of the research 

1.2.1 To investigate LESS score between recreational and collegiate 

female athletes. 

1.2.2 To compare dependent variables for each range of LESS score. 

 

 

1.3 Scope of the research 

1.3.1 This study focuses on skill levels and movement pattern of 

jump-landing by investigate the LESS score which represents movement pattern to 

different skill levels, recreational and collegiate level. 

1.3.2 Sit and reach, 3-ways SEBT, and vertical jump are used to 

determine the differences of physical performance between recreational and collegiate 

levels. 

 

 

1.4 Variables 

1.4.1 Independent variable is different group of skill levels. 

1.4.2 Dependent variables are LESS score, characteristics data (age, 

height, body weight, BMI), sit and reach distance, 3-ways SEBT distance, and vertical 

jump displacement. 

 

 

1.5 Hypothesis of the research 

1.5.1 The skill levels and LESS score are not independence. 

1.5.2 The other variables are age, height, weight, BMI, sit and reach 

distance, 3-ways SEBT distance, and vertical jump displacement are significant 

differences. 
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1.6 Benefits of the research 

1.6.1 Participants in this study can acknowledge how much risk they 

have for ACL injuries. 

1.6.2 For collegiate level, the clubs can use this data to adjust their 

training program to reduce risk of ACL injury in addition to individual training, or 

overall team training program. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Injury 

Game and practice injuries which require medical attention and result at 

least one day time loss will be counted as “time loss injuries”. 

An exposure defines as 1 athlete participating in 1 game or 1 practice, also 

expressed as “an athlete exposure” (AE). 

There were reports about sports injuries in U.S.A., approximately 30 

million athletes participated in sports annually, 3 million injuries per year were found. 

More than 50% of all injuries were lower extremity. 

Hootman et al.’s study showed 32,646,969 AEs over a 16-years time 

period, 181,476 injuries were reported. [1] 

 

2.1.1 ACL injury 

Anterior Cruciate Ligament (ACL) injury is a serious knee injury which is 

common in sports with pivoting movements and mostly occur from non-contact cause. 

Rate of anterior cruciate ligament injuries were significantly increased over the period 

(average annual increases 7.0% and 1.3%). There were 80,000 injuries per year in 

U.S.A., 3,500 of total injuries occurred in collegiate athletic annually. [9, 14, 49] 

Besier et al. studied the lower extremity kinematics of 11 healthy males 

during running, sidestepping, and crossover cutting. A 50-Hz VICON motion analysis 

was used. The results showed the external flexion and extension loads at the knee joint 

were similar, but the varus and valgus moments, and the internal and external 

moments of the knee joint during sidestepping and crossover cutting were significantly 

larger than running. The combined external moments applied to the knee joint during 

stance phase of the cutting tasks are believed to place the ACL and collateral 

ligaments at risk of injury if appropriate muscle activation strategies are not used to 

counter these moments. [12] 
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Joseph et al. made a descriptive study with internet-based data-collection 

tool from 100 nationally representative U.S.A. high schools. Each school reported 

athlete exposure and injury data from 9 sports during the 2007/08 to 2011/12 academic 

years. Results showed 617 ACL injuries from 9,452,180 AEs, incidence rate 6.5 per 

100,000 AEs. The incidence rate was higher in competition than practice, 450 ACL 

injuries were occurred in competition (17.6 per 100,000 AEs), and 167 ACL injuries 

were occurred in practice (2.4 per 100,000 AEs). Female athletes had higher ACL 

injuries incidence rate than male, 8.9 and 2.6 injuries per 100,000 AEs in sex-

comparable sports. In sex-comparable sports, female’s soccer had the highest 

incidence rate (12.2 injuries per 100,000 AEs) followed by female’s basketball (10.3 

injuries per 100,000 AEs). [50] 

Gornitzky et al. performed a systematic review and meta-analysis for 

incidence of ACL tears in high school athletes. A total of 700 ACL injuries from 

11,239,029 AEs. The incidence rate was 6.2 injuries per 100,000 AEs. More injuries 

were recorded in male than female, but female had a higher rate of injury per AE 

(relative risk 1.57). [51] 

Deda and Kalaja collected injury data from high school and university 

volleyball players during 2012-2013 period, 300 volleyball players both male and 

female at the age of 17-20 years old were participated. Results showed significantly 

higher knee injury rate in female. The most frequent mechanism of injury was landing 

from a jump in the attack zone. Females was significantly more likely to sustain ACL 

injuries than males. One hundred and thirty acute injuries were reported in this study. 

Knee injuries were 55% of all injuries, and ACL injuries were 24.4% of knee injuries. 

[52] 

 

 

2.2 Risk factors of ACL injury 

The ACL injuries research is focus on prevention and intervention. Before 

these types of studies can be used, the risk factors of injury must be verified. The risk 

factors can be separated into extrinsic and intrinsic. 
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2.2.1 Level of competition (extrinsic) 

Hootman et al. summarized data about sports injury rates and AE in 

collegiate athletes over 16 years (1988-2004). The results showed injury rates were 

significantly higher in games (13.8 injuries per 1,000 AEs, total game AEs 5,244,088 

with 72,316 injuries) compare to practices (4.0 injuries per 1,000 AEs, total practice 

AEs 27,402,881 with 109,160 injuries), and significantly higher in pre-season 

practices (6.6 injuries per 1,000 AEs) than in-season (2.3 injuries per 1,000 AEs) and 

post-season (1.4 injuries per 1,000 AEs) practice rates. [1] 

Myklebust et al. performed a prospective cohort study of ACL injuries in 

24 elite European handball teams. The result indicated that ACL injuries incidence in 

games was 30 times greater than in practice. All ACL injuries in this study were 

verified through arthroscopic visualization and were requiring surgical reconstruction. 

[16] 

Messina et al. found a greater number of injuries during games than in 

practice in a prospective study of 1,863 male and female from Texas high school 

basketball athletes during a single season. A reportable injury was one that resulted in 

any time loss from participations, an incidence that necessitated a consultation with a 

doctor, or one that involved with the head or face. The results showed risk of injuries 

during the game was significantly higher than during the practice. [19] 

Peterson et al. studied the incidence of football injuries as related to 

different skill levels over the period of 1 year from 264 players. All injuries and 

amount of time players spent in training and games were recorded. All injured players 

were examined weekly by physicians, and assessed according to the International 

Classification of Diseases (ICD-10), which described them in term of injury type and 

location, the treatment required, and the duration of subsequent performance 

limitations. The results indicated that young players with low skill level had twofold 

increased incidence of all injuries as a group compared with more skilled athletes. [14, 

47] 

Chomiak et al. made the prospective study in Czech Republic.  The study 

followed up 398 football players from local teams to first league teams for 1 year.  Six 

hundred and eighty-six injuries were reported, with 113 (16.5%) were severe injuries.  

A severe injury was defined as one resulting in complaints lasting more than 4 weeks, 
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absence from sport for at least 4 weeks, or associated with serious damage to the 

musculoskeletal system. The results showed a twofold increase in incidence of all 

severe injuries when compared lower skill level groups with the higher skill level 

groups. [14, 48] 

 

2.2.2 Surface torsion (extrinsic) 

Lambson et al. studied the relation between cleat design and the incidence 

of ACL tears. Three years prospective studied from 3,119 high school football players 

during the 1989 to 1991 competitive seasons. Four cleat designs were the variables. 

The results showed that the edge design produced significantly higher torsional 

resistance than the other designs and associated with a significantly higher ACL injury 

rate than the other designs. [17] 

 

2.2.3 Gender (intrinsic) 

There are a lot of studies which indicated that female athletes incur more 

injury incidence than male athletes, specifically ACL sprains. [11, 23, 24] 

Myklebust et al. found 28 ACL injuries, 23 among female (0.31 ± 0.06 

injuries/1,000 hours), and 5 among male (0.06 ± 0.03 injuries/1,000 hours) from a 

prospective cohort study during the 1993/94, 1994/95, and 1995/96 seasons. The 

results showed that female athletes had 5 times ACL injuries risk when compared to 

male athletes. [16] 

Gwinn et al. recorded the incidence of ACL injury during intercollegiate 

athletics, intramural athletics, and military training from 1991 to 1997. The subjects 

were male and female varsity athletes, coed intramural athletes, and participants in 

military training. The results showed that females had 2.44 times relative risk of ACL 

injury compared to male. [18] 

Messina et al. performed a prospective study of 1,863 Texas high school 

basketball athletes during a single basketball season. The rate of injury was 0.56 

injuries per season among the boys and 0.49 injuries per season among the girls. 

Although there was no significant difference in the injury rate, girls had a significantly 

higher rate of knee injuries (60% greater incidence of knee injuries than boys) 

including 3.79 time greater risk of ACL injuries. [19] 
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2.2.4 Previous injury (intrinsic) 

Orchard et al. performed a prospective study for risk factors for ACL 

injury in Australian footballers, from 100,820 player-match exposures from 1992 to 

1999. Player-match exposures were analyzed for risk of ACL injury using logistic 

regression analysis.  The strongest risk factors were among those athletes who 

underwent an ACL reconstruction on the ipsilateral side within the previous 12 

months.  This study suggested that athletes were not physically ready to return to their 

former level of competition. [20] 

 

2.2.5 Balance and postural stability (intrinsic) 

Balance is an ability to maintain the body with the minimal postural sway. 

Postural stability depends on sensory information from somatosensory system 

(proprioception and kinesthesia), vestibular system, and visual system.  Deficits in 

neuromuscular control may induces more stress on the passive structures of the joint 

(ligament and joint capsule) and thus increases the risk of an ACL injury. [10, 22] 

Assessment of proprioception is valuable for identifying proprioceptive 

deficits. Joint position sense is one of the two components that make up the 

proprioceptive mechanism, another one is kinesthesia, the threshold to detect passive 

motion (TTDPM) [29]. “Position sense” can be defined as “the awareness of the actual 

position of the limb”. [30] 

Söderman et al. studied risk factors for leg injuries in female soccer 

players. A total of 146 players from 13 teams in the 2nd and 3rd divisions underwent 

clinical examination, isokinetic measurements of quadriceps and hamstring torque, 

and testing of postural sway of the legs.  Multivariate logistic regression showed a low 

postural sway significantly increased the risk of leg injury. [22] 

 

2.2.6 Joint laxity (intrinsic) 

Joint laxity or joint hypermobility is defined as a more-than-normal range 

of motion in a joint. General joint laxity, and increased in knee joint laxity have been 

shown predispose to ACL injuries. [25, 31] 

Söderman et al. studied risk factors for leg injuries in female soccer 

players during one season.  A total of 146 players from 13 teams in the 2nd and 3rd 



Nathasith Chutisira                  Literature Review / 10 

divisions.  Generalized joint laxity was evaluated using the following modification of 

the Carter and Wilkinson assessment.  Variables significantly increased the risk of leg 

injuries also included generalized joint laxity. [22] 

Ostenberg et al. found that general joint laxity has been shown to be the 

risk factor for all injuries from a prospective study of 123 players. Eight teams from 

different levels were followed during one season. Forty-seven of the 123 players 

sustained altogether 65 injuries. The total rate was 14.3 injuries per 1,000 game hours, 

and 3.7 injuries per 1,000 practice hours. Significant risk factors for injuries were an 

increased generalized joint laxity at the significant level 𝑝 < 0.001. Those athletes with 

beighton score 4 and above were at 5 times increased risk compared with those with 

the lower scores. [26] 

 

2.2.7 Flexibility (intrinsic) 

Flexibility is believed to help reduce injuries and improve performances. 

The flexibility of a joint is determined by muscle, tendon, ligament, and joint capsule 

laxity. Muscle and tendon are the primary target of stretching because of many studies 

in various sports shown that improved flexibility can reduce injuries such as strains 

and overuse injuries. 

Krivickas and Feinberg studied the relation between flexibility and lower 

extremity injuries. Prospective cohort study design was applied for 201 college men 

and women athletes. Results showed the increased in risk of injuries in lower muscle 

flexibility. [55] 

 

2.2.8 Lower extremity muscle strength (intrinsic) 

Muscle strength in lower extremity was used in basic movement in sport 

activities. Combine with somatosensory, lower extremity muscle strength was used to 

maintained balance as well. Poor lower extremity strength induce imbalance to the 

body and will be the risk factors of ankle and knee injuries. [14] 

Ekstrand and Gulquist did a research by following 180 male soccer players 

for 1 year. They found those who sustained non-contact knee injuries were frequently 

seen in players with poor lower extremity muscle strength. [58] 
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2.3 Physical performance testing 

 

2.3.1 Beighton score 

The Beighton score is commonly used in diagnosis for hypermobility. This 

screening tool is a 9-point scale which required 5 testing maneuvers, 4 passive 

bilateral and 1 active unilateral. A score equal or more than 4 is identified as 

hypermobility. [26, 31, 32, 37] 

Smits-Engelsman et al. evaluated the validity of the Beighton score as a 

generalized measure of hypermobility. A Prospective study of 551 children attending 

various Dutch elementary schools participated 258 males (47%) and 293 females 

(53%). Age range of the study was 6 to 12 years old. Children’s joints and movements 

were assessed according to the Beighton score by qualified physiotherapists and by 

use of goniometry measuring 16 passive ranges of motion of joints on both sides of the 

body. More than 35% of children scored more than 5/9 on the Beighton score.  The 

results showed the increased range of motion in the joints measured in children who 

scored high on the Beighton score. [31] 

Konopinski et al. compared injury incidence between hypermobile and 

non-hypermobile from 80 elite football players. Comprising 3 English Championship 

Football teams during the 2012/13 season. Beighton score was assessed at the start of 

the study period. The prevalence of hypermobility was 8.8%. Players with 

hypermobility had a higher tendency for injury incidence compare to non-hypermobile 

players. [53] 

 

2.3.2 Sit and reach 

The Sit and Reach test is a field test used to measure hamstring and low 

back flexibility. [36] 

There was a significant relation between increased muscle tightness and 

incidence of lower extremity injury, abnormally high or low hamstring flexibility may 

induce approximately twice injury when compared with average hamstring flexibility. 

[37, 38] 

Baltaci et al. compared three different sit and reach tests as a measure of 

hamstring flexibility in 102 female students. The traditional sit and reach test, the chair 
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sit and reach test, the back saver sit and reach test were administered. A Pearson 

correlation coefficient analysis was used for statistical analysis. The results indicated 

that the back saver sit and reach test produces reasonably accurate and stable measures 

of hamstring flexibility. [36] 

  

2.3.3 3-Ways Star Excursion Balance Test 

The Star Excursion Balance Test (SEBT) is a valid and reliable measure 

for dynamic balance. Poor balance in sports has been suggested as a risk factor for 

injuries. Most of the literature describes 8 reach directions, but Coughlan et al. studied 

has proved that there was a longer distance in the anterior direction of the SEBT 

compared with the Y balance test. [42] 

Plisky et al. performed a prospective cohort study to determine if Star 

Excursion Balance Test (SEBT) reach distance was associated with risk of lower 

extremity injury among high school basketball players in 2004 season. The anterior, 

posteromedial, and posterolateral SEBT reach distances and limb lengths of 235 high 

school basketball players were measured bilaterally. The Athletic Health Care System 

Daily Injury Report was used to document time loss injury. Logistic regression 

analysis indicated that player with an anterior right/left reached distance difference 

greater that 4 cm were 2.5 time more likely to sustain a lower extremity injury (𝑝 < 

0.05). [43] 

 

2.3.4 Vertical jump 

The vertical jump is one of many methods to measure strength of lower 

extremity, such as force platform, jump and reach test, and etc.  VertecTM is a tool for 

measuring vertical jump.  With 1 adjustable vertical pole, and 1 horizontal moveable 

vanes on the top at every 1 cm., these made this tool simple to be used. [45, 46] 

Christensen et al. compared vertical jump displacement between a 

VertecTM and a forceplate. Thirty-two Reserve Officers’ Training Corps (ROTC) 

cadets completed 3 countermovement vertical jumps on a forceplate while 

simultaneously touching the highest vane they could reach on a VertecTM placed 

immediately next to the forceplate. The means between the methods were found to be 

significantly correlated (𝑟 =0.91, 𝑝 < 0.001). [45] 
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Burr et al. compared the measurement device and jumping protocol. 

Comparisons were made from the top 95 players entering the National Hockey League 

Entry Draft using 2 devices (VertecTM and Just Jump) and 2 jump protocols 

(countermovement and squat). Player’s leg power using each device and protocol were 

correlated with draft selection order. VertecTM leg power measurements were the 

highest, but there were no significant differences in power between the 2 jumping 

protocols on either devices. [46] 

 

2.3.5 The Landing Error Scoring System 

In sports injury, clinical assessment tools play an important role to screen 

any athletes who have some clues for injuries, movement dysfunctions, or muscle 

imbalance.  The goal of clinical assessment tools is to identify problems in the 

musculoskeletal system that may lead to injuries. [44] 

Movement patterns are important factor that may influence the risk of 

ACL and other serious lower extremity injuries. Specific movement patterns 

commonly occurring during ACL injury. Knee flexion angle affects ACL loading as 

quadriceps contractions. Low knee flexion angle (0o-30o) can generate significant 

anterior tibial shear forces that induce high levels of ACL loading. When knee valgus 

and tibial rotation are applied with each other, or with anterior tibial shear force, the 

amount of ACL load is greatly increased. 

To identify athletes at high risk for ACL injury, a standard tool for 

detecting the high-risk movement patterns is necessary. The Landing Error Scoring 

System (LESS) is an inexpensive clinical assessment tool to identify subjects 

displaying jump-landing biomechanics which potentially place them at risk for non-

contact ACL injury. The Score 7 or more is classified as high risk of ACL injury. 

Padua et al. proved that a LESS is valid and reliable for both intrarater and 

interrater reliability. The 2 video recorders were used to record frontal and sagittal 

plane view of the subjects performing a jump-landing-rebound task. The LESS was 

scored from replay of this video. Three-dimensional lower extremity kinematics and 

kinetics were also collected by “A Flock of Birds” electromagnetic motion analysis 

system at a sampling rate of 144 Hz. Ground-reaction force was also collected by a 

nonconductive force plate at a sampling rate of 1440 Hz. Both 3D motion analysis and 
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force plate were synchronously collected and used as the gold standard against which 

the validity of the LESS was assessed. Three trials of the jump-landing-rebound tasks 

were collected from 2,691 subjects. Subjects’ LESS score was divided into 4 quartiles, 

representing excellent (LESS score ≤ 4), good (4 ≤ LESS score < 5), moderate (5 ≤ 

LESS score < 6), and poor (6 ≤ LESS score) jump-landing biomechanics. The result 

showed that subjects with high LESS score (poor jump-landing technique) were 

significantly different in kinematics and kinetics compared to subjects with low LESS 

score (excellent jump-landing technique). [15] 
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CHAPTER III 

METHODOLOGY 

 

 

3.1 Participants 

Forty-four female undergraduates of Mahidol University were participated 

in this study. All participants were recruited by volunteer. Before the participation, 

participants were informed about testing protocol and signed an informed consent 

form which approved by Mahidol University Ethics Committee. 

Participants were divided into 2 groups as follow: 

 

3.1.1 Group I 

Participants were recruited from female undergraduates of Mahidol 

University by volunteer. Participants had to play basketball and/or volleyball in 

recreational level or competed in official match, but did not participate in an official 

match of OHEC in a past one year. 

 

3.1.2 Group II 

Participants were recruited from female undergraduates of Mahidol 

University by volunteer who participated in basketball and/or volleyball club at 

university activities level. Participants must be at least participated in one official 

match play of OHEC in a past one year. 

 

3.1.3 Inclusion criteria 

- Female undergraduate of Mahidol University 

- Participated in basketball and/or volleyball. 

 

3.1.4 Exclusion criteria 

- Participants had orthopaedic injuries or illness which restricted their 

physical activity at the time of the test. 
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- Participants had any lower extremity surgery within 6 months. 

- Any musculoskeletal or head injuries which likely affect the motor 

performance within 6 weeks. 

- Participants were excluded if BMI was not in range of 16-30 

- Participants requested to stop by their own free will. 

 

3.1.5 Sample size 

Thirty participants in each group were recruited by volunteer. Sample size 

was calculated by computer application G*Power 3.1.6. The calculation used LESS 

score from Padua et al. research, “The Landing Error Scoring System (LESS) is a 

Valid and Reliable Clinical Assessment Tool of Jump-Landing Biomechanics, The 

JUMP-ACL Study”. 

 

 

3.2 Testing procedures 

Participants were given an instruction 2 days before experimental day, no 

alcohol and caffeine consumption 24 hours before test, date and time were confirmed 

with participants. 

Participants arrived at laboratory at appointed time. Participants filled in 

an informed consent and general data while resting. Participants’ previous injuries 

were also collected. Participant have time as much as they want to rest. When 

participants were ready, warm-up started by cycling 5 minutes with no load. 

There were four tests in total. Three tests were for performance, sit and 

reach test, 3-ways SEBT, and vertical jump test. The last one was for ACL injury 

assessment. 

 

3.2.1 Beighton score 

Beighton score is a test for generalized joint laxity.  Total score is 9, which 

more or 4 out of 9 refer to hyperlaxity.  Score is calculated from 4 positions for left 

and right, and one point remain for standing forward bending. 

- One point if participant can place full palms on the ground with straight 

leg while standing forward bending. 
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- One point for each elbow that can bend backwards (hyperextension) 

beyond 10o. 

- One point for each knee that can bend backwards (hyperextension) 

beyond 10o. 

- One point for each whole thumb that can touch forearm when wrist is 

fully flexion. 

- One point for each little finger that can bend backwards (hyperextension) 

beyond 90o. 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Beighton score (http://hypermobility.org/) 

 

3.2.2 Sit and reach 

Sit and reach is measured by participant sitting on the floor with fully 

extended legs at the beginning. Participant’s feet were placed flat to the box which is 

placed against the wall. Next, put two hands together with palms down, then push 

forward the hands to the scale device as far as possible.  Two practice trials, and three 

test trials were collected. Thirty seconds rest between each trial. 
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Figure 3.2 Sit and reach box 

 

3.2.3 3-Ways Star Excursion Balance 

3-ways star excursion balance test sets up by forming three lines that 

placed on the floor. From the starting point, one line to anterior and two lines to 

posterolateral at the angle of 135o related to the first line. Participant begins with 

double-leg with the most distal part of great toe of a testing leg at the starting point, 

both hands on the waist, then starts to reach out a non-testing leg along the line. While 

maintaining single-leg stance, participant has to reach a free leg in the anterior, 

posteromedial, and posterolateral in the direction relates to stance foot, then returns to 

the starting point. The maximum reach distance by the most distal part of the foot is 

collected.  Participant was given six practices bilaterally for each of the three 

directions. Three test trials were performed bilaterally on each direction. Thirty 

seconds rest between each trial. One minute rest when changing side. 

The trial is discarded and repeat again if; 

- Participants fail to maintain single-leg stance. 

- Lift or move the stance foot from the starting point. 

- Touch down with the reach foot. 

- Fail to return a reach foot to the starting position. 
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Figure 3.3 3-ways SEBT set up (1) 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 3-ways SEBT set up (2) 
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3.2.4 Vertical Jump 

Vertical jump is measured by using VertecTM. First, participant has to 

stand and raise the dominant hand as high as possible. Height of standing reach is 

recorded by the lowest marker. Participant has to jump as high as possible to move the 

highest marker. The difference between the highest and the lowest marker is collected. 

Participant has two practice trials, and three test trials were collected. Thirty seconds 

rest between each trial. 

 

 

Figure 3.5 VertecTM 

 

3.2.5 The Landing Error Scoring System 

The Landing Error Scoring System (LESS) is a test to screen a high risk 

ACL injury. The test required two standard video cameras to collect data for video 

analysis, 30 cm. high box. 

Preparation, 30 cm. high box was set away from a force platform to a 

distance of 50% of participant’s height, this made distance individual for each 

participant. Two Casio Exilim EX-F1 were used to recorded video. One was set in 

front of, and another one at side of participant with a distance of 3.4 m. away from 
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landing area. Camera height was set 1.2 m. from center of lens to the ground.  The 

video was recorded in high speed at 300 fps. 

The testing procedure, participant jumped from a box to a force platform 

and immediately rebounded for a maximal vertical jump. During testing instruction, 

participant can practice as many as needed, but the importance was to jump as high as 

possible when rebounded. Participant did not receive any feedback on landing unless 

he/she did the test incorrectly. Three successful jump trials were collected. Thirty 

seconds rest between each trial. 

A successful jump identified as; 

- Jumping off of both feet from the box. 

- Jumping forward, but not vertically. 

- Landing with the entire feet on the landing area. 

- Complete the task in fluid motion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Casio Exilim EX-F1 
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Figure 3.7 LESS set up 
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3.3 Protocol flowchart 

There was 3 minutes rest before 3-ways SEBT, vertical jump, and LESS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 Protocol flowchart 

 

 

3.4 Data analysis 

Pearson 𝑥2 test was used to find an independence between LESS score and 

skill levels.  The significance level was set at 𝑝 < 0.05 

One-way ANOVA and LSD post hoc test was used to compare secondary 

outcome between sub-group. There were 4 sub-groups for each score range, LESS < 4, 

4 ≤ LESS <5, 5 ≤ LESS < 6, and 6 ≤ LESS. The significance level was set at 𝑝 < 0.05 

Pearson 𝑥2 test was used to find an independence between beighton score 

and skill levels.  The significance level was set at 𝑝 < 0.05 

General Data 

Sit & Reach 

3-Ways Star Excursion Balance Test 
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Landing Error Scoring System 

Warm-Up 

Beighton Score 
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Pearson 𝑥2 test was used to find an independence between beighton score 

and sub-groups.  The significance level was set at 𝑝 < 0.05 

Test of normality was used to determine normal distribution of secondary 

outcomes between group. T-test was used in normal distribution variables.  

Kolmogolov-Smirnov test was used instead if the variables were not in normal 

distribution.  The significance level was set at 𝑝 < 0.05 

IBM SPSS version 19 was used for data analysis. 
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CHAPTER IV 

RESULTS 

 

 

This study has a purpose to investigate athletes that how much they have 

risk for ACL injury compare to skill levels. Forty-four female athletes who 

participated in basketball and/or volleyball were recruited. Participants were assigned 

into two group by their playing experience in a past one year. First, participants in 

recreational level who never participated in an official match of OHEC. Second, 

participants in university athlete level who participated in at least one official match of 

OHEC in a past one year. 

 

 

4.1 Characteristics Data 

Forty-four of total participants. Thirty participants in group I and fourteen 

participants in group II. Age in group I was 19.37 ± 1.07 years old and 19.29 ± 0.91 

years old in group II, there was no significant difference between these groups (𝑝 = 

0.808). Height was 163.40 ± 6.38 cm in group I and 163.82 ± 4.82 cm in group II, 

these two groups were no significant difference (𝑝 = 0.376). Body weight was 55.97 ± 

8.37 kg in group I and 58.22 ± 8.99 kg in group II, these two groups had no significant 

difference (𝑝 = 0.421). BMI was 20.90 ± 2.27 in group I and 21.66 ± 2.81 in group II, 

these two groups had no significant difference (𝑝 = 0.341). 
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Table 4.1   Characteristics data compared between group I and group II (Mean ± SD) 

Characteristics 
Group I 

(n=30) 

Group II 

(n=14) 
𝒑-value 

Age (yr) 19.37 ± 1.07 19.29 ± 0.91 𝑝 = 0.808 

Height (cm) 163.40 ± 6.38 163.82 ± 4.82 𝑝 = 0.376 

Body Weight (kg) 55.97 ± 8.37 58.22 ± 8.99 𝑝 = 0.421 

BMI 20.90 ± 2.27 21.66 ± 2.81 𝑝 = 0.341 

Abbreviations: BMI: body mass index 

 

 

4.2 Parameters Data 

Comparison of the results was separated to between groups and between 

sub-groups. 

 

4.2.1 Between Groups 

Parameters between groups were Beighton score, sit and reach, SEBT - 

anterior, SEBT - posteromedial, SEBT - posterolateral, vertical jump, and LESS score. 

Overall Beighton score was 1.93 ± 1.84 from 44 participants. Beighton 

score of group I was 1.97 ± 1.88 from 30 participants.  There were 23 participants who 

had Beighton score below 4 and 7 participants who had Beighton score equal or more 

than 4.  Beighton score of group II was 1.86 ± 1.79 from 14 participants.  There were 

13 participants who had Beighton score below 4 and only 1 participant who had 

Beighton score equal or more than 4.  There was independence between Beighton 

score and skill levels (𝑥2 = 1.682, 𝑑𝑓 = 1, 𝑝 = 0.195). 
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Table 4.2   Beighton score between group I and Group II (n) 

 Beighton Score  

 BS < 4 4 ≤ BS Total 

Group I 23 7 30 

Group II 13 1 14 

Total 36 8 44 

Abbreviations: BS: beighton score 

 

Sit and reach distance of group I was 10.52 ± 8.79 cm and 13.53 ± 7.08 cm 

in group II. There was no significant difference between these 2 groups (𝑝 = 0.338). 

3-ways star excursion balance test (SEBT) compared separately in each 

direction, anterior, posteromedial, and posterolateral. This parameter calculated from 

dominance leg of participants. 

In anterior direction (SEBT-A), the distance of group I was 65.88 ± 8.69 

cm, and 64.12 ± 6.96 in group II.  There was no significant difference between these 2 

groups (𝑝 = 0.860). 

In posteromedial direction (SEBT-PM), the distance of group I was 96.00 

± 15.22 cm, and 94.91 ± 7.70 in group II.  There was no significant difference between 

these 2 groups (𝑝 = 0.357). 

In posterolateral direction (SEBT-PL), the distance of group I was 82.87 ± 

12.44 cm, and 83.65 ± 9.45 in group II.  There was no significant difference between 

these 2 groups (𝑝 = 0.676). 

Vertical jump distance of group I was 39.71 ± 5.15 cm, and 42.31 ± 6.25 

cm in group II.  There was no significant difference between these 2 groups (𝑝 = 

0.153). 
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Table 4.3   Parameters between group I and group II (Mean ± SD) 

Parameters 
Group I 

(n = 30) 

Group II 

(n = 14) 
𝒑-value 

Sit & Reach 10.52 ± 8.79 13.53 ± 7.08 𝑝 = 0.338 

SEBT - A 65.88 ± 8.69 64.12 ± 6.96 𝑝 = 0.860 

SEBT - PM 96.00 ± 15.22 94.91 ± 7.70 𝑝 = 0.357 

SEBT - PL 82.87 ± 12.44 83.65 ± 9.45 𝑝 = 0.676 

Vertical Jump 39.71 ± 5.15 42.31 ± 6.25 𝑝 = 0.153 

Abbreviations: SEBT: 3-ways star excursion balance test; A: anterior; PM: 

posteromedial; PL: posterolateral 

 

LESS score is the main variable in this study. LESS score was used to 

evaluate risk of ACL injury. Participants can be divided into 4 sub-groups by score.  

Each sub-group had significant difference in kinetics and kinematics. The sub-group 

with LESS score less than 4 (LESS < 4) was the excellent landing group. The sub-

group with LESS score equal 4 to less than 5 (4 ≤ LESS < 5) was the good landing 

group. The sub-group with LESS score equal 5 to less than 6 (5 ≤ LESS < 6) was the 

moderate landing group. The sub-group with LESS score equal or more than 6 (6 ≤ 

LESS) was the poor landing group. 

Overall LESS score was 6.14 ± 1.59 from 44 participants. There were 4 

participants with excellent landing, score was 3.67 ± 0.00. There were 6 participants 

with good landing, score was 4.69 ± 0.33. There were 11 participants with moderate 

landing, score was 5.45 ± 0.17. There were 23 participants with poor landing, score 

was 7.36 ± 1.07 
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Figure 4.1   Overall LESS score 

 

LESS score of group I was 6.52 ± 1.64 from 30 participants. There was 1 

participant with excellent landing, score was 3.67. There were 5 participants with good 

landing, score was 4.33 ± 0.34. There were 5 participants with moderate landing, score 

was 5.53 ± 0.19. There were 19 participants with poor landing, score was 7.51 ± 1.10 

 

 

Figure 4.2   LESS score in group I 
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LESS score of group II was 5.33 ± 1.15 from 14 participants. There were 3 

participants with excellent landing, score was 3.67 ± 0.00. There was 1 participant 

with good landing, score was 4.67. There were 6 participants with moderate landing, 

score was 5.39 ± 0.14. There were 4 participants with poor landing, score was 6.67 ± 

0.61 

 

 

Figure 4.3   LESS score in group II 

 

There was no independence between LESS score and skill levels (𝑥2 = 

8.899, 𝑑𝑓 = 3, 𝑝 = 0.031). 

 

Table 4.4   LESS score between group I and group II (n) 

 Sub-Group  

 Excellent Good Moderate Poor Total 

Group I 1 5 5 19 30 

Group II 3 1 6 4 14 

Total 4 6 11 23 44 

Abbreviations: BS: Beighton score 
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4.2.2 Between sub-groups 

Because of main variable, LESS score, all participants were divided into 4 

sub-groups. Parameters were sit & reach, SEBT - anterior, SEBT - posteromedial, 

SEBT - posterolateral, and vertical jump. 

Beighton score of for each sub-group was 2.00 ± 1.41 in excellent landing 

group, 2.17 ± 1.60 in good landing group, 2.00 ± 1.90 in moderate landing group, and 

1.83 ± 2.02 in poor landing group. There was the independence between Beighton 

score and sub-groups (𝑥2 = 2.622, 𝑑𝑓 = 3, 𝑝 = 0.454). 

 

Table 4.5   Beighton score of each sub-group (n) 

 Beighton Score  

 BS < 4 4 ≤ BS Total 

LESS < 4 4 0 4 

4 ≤ LESS < 5 4 2 6 

5 ≤ LESS < 6 10 1 11 

6 ≤ LESS 18 5 23 

Total 36 8 44 

Abbreviations: BS: Beighton score 

 

Sit and reach distance for each sub-group was 18.00 ± 2.14 cm in excellent 

landing group, 11.53 ± 6.25 cm in good landing group, 8.14 ± 7.05 cm in moderate 

landing group, and 11.93 ± 9.48 cm in poor landing group.  There was significant 

difference between excellent and moderate landing group (𝑝 = 0.046). 

3-ways star balance test (SEBT) was compared separately with each 

direction, anterior, posteromedial, and posterolateral. These parameters calculated 

from dominance leg of participants. 

In anterior direction (SEBT-A), the distance for each sub-group was 72.66 

± 3.65 cm in excellent landing group, 65.47 ± 6.84 cm in good landing group, 63.89 ± 

5.29 cm in moderate landing group, and 64.69 ± 9.65 cm in poor landing group. There 

was no significant difference between each sub-group. 

In posteromedial direction (SEBT-PM), the distance was 95.83 ± 1.49 cm 

in excellent landing group, 97.61 ± 13.58 cm in good landing group, 95.87 ± 8.88 cm 
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in moderate landing group, and 95.00 ± 16.17 cm in poor landing group. There was no 

significant difference between each sub-group. 

In posterolateral direction (SEBT-PL), the distance was 75.25 ± 2.84 cm in 

excellent landing group, 82.44 ± 11.17 cm in good landing group, 85.59 ± 9.93 cm in 

moderate landing group, and 83.48 ± 12.97 cm in poor landing group. There was no 

significant difference between each sub-group. 

Vertical jump height was 44.00 ± 6.90 cm in excellent landing group, 

41.89 ± 3.85 cm in good landing group, 40.21 ± 4.48 cm in moderate landing group, 

and 39.74 ± 6.21 cm in poor landing group. There was no significant difference 

between each sub-group. 

 

Table 4.6   Parameters of each sub-group (Mean ± SD) 

Parameters 
LESS < 4 

(n = 4) 

4 ≤ LESS < 5 

(n = 6) 

5 ≤ LESS < 6 

(n = 11) 

6 ≤ LESS 

(n = 23) 

Sit & Reach 18.00 ± 2.14 * 11.53 ± 6.25 8.14 ± 7.05 11.93 ± 9.48 

SEBT - A 72.66 ± 3.65 65.47 ± 6.84 63.89 ± 5.29 64.69 ± 9.65 

SEBT - PM 95.83 ± 1.49 97.61 ± 13.58 95.87 ± 8.88 95.00 ± 16.17 

SEBT - PL 75.25 ± 2.84 82.44 ± 11.17 85.59 ± 9.93 83.48 ± 12.97 

Vertical Jump 44.00 ± 6.90 41.89 ± 3.85 40.21 ± 4.48 39.74 ± 6.21 

Abbreviations: LESS: landing error scoring system; SEBT: 3-ways star excursion 

balance test; A: anterior; PM: posteromedial; PL: posterolateral 

*: significant difference from 5 ≤ LESS < 6 sub-group 

 

 

4.3 Correlation between LESS score and physical performances 

The correlation test between LESS score and physical performances from 

44 participants was not significant. The correlation between LESS score and sit and 

reach distance was not significant (𝑟 = -0.113, 𝑝 = 0.467). The correlation between 

LESS score and SEBT-A was not significant (𝑟 = -0.200, 𝑝 = 0.194). The correlation 

between LESS score and SEBT-PM was not significant (𝑟 = -0.163, 𝑝 = 0.290). The 

correlation between LESS score and SEBT-PL was not significant (𝑟 = -0.020, 𝑝 = 
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0.896). The correlation between LESS score and vertical jump displacement was not 

significant (𝑟 = -0.257, 𝑝 = 0.092). 

 

Table 4.7   Correlation between LESS score and physical performances 

Physical performance Correlation coefficient (𝒓) 𝒑-value 

Sit and reach -0.113 0.467 

SEBT-A -0.200 0.194 

SEBT-PM -0.163 0.290 

SEBT-PL -0.020 0.896 

Vertical jump -0.257 0.092 

Abbreviations: LESS: landing error scoring system; SEBT: 3-ways star excursion 

balance test; A: anterior; PM: posteromedial; PL: posterolateral 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4   Correlation between LESS score and sit and reach distance 
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Figure 4.5   Correlation between LESS score and SEBT-A distance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6   Correlation between LESS score and SEBT-PM distance 
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Figure 4.7   Correlation between LESS score and SEBT-PL distance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8   Correlation between LESS score and vertical jump displacement 



Nathasith Chutisira                       Discussion / 36 

 

 

CHAPTER V 

DISCUSSION 

 

 

The main purpose of this study was to evaluate risk of ACL injury in 

female athletes in jumping and landing technique with the landing error scoring 

system protocol. The protocol was designed as a clinical assessment tool to identify 

high risk for non-contact ACL injury. Each of the error items was indicated error in 

landing biomechanics. But not only landing technique related to ACL injury, there 

were other parameters like flexibility, balance and postural stability, and leg strength 

which associate in risk factors of ACL injury. The discussion was focus on LESS 

score in different skill levels (between groups), sit and reach test which represented 

flexibility, 3-ways SEBT which represented dynamic balance and postural stability, 

and vertical jump test which represented leg strength in different score ranges. 

 

 

5.1 Characteristics Data 

In this study, there was no significant difference for characteristics data 

such as age, height, weight, and BMI between group I and group II. All of the 

participants were Mahidol University undergraduate students who played basketball 

and/or volleyball. 

 

 

5.2 LESS score 

Landing error scoring system was used to evaluate errors in landing.  

There were 17 error items with 19 total score. The score was divided into 4 ranges, 

less than 4 was the excellent landing, score equal 4 to less than 5 was the good 

landing, score equal 5 to less than 6 was the moderate landing, and score equal or 

more than 6 was the poor landing. Each score range of LESS score had significant 

difference in landing biomechanics when compared with 3D motion analysis. The 
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overall LESS score was 9% of participants in excellent landing, 14% of participants in 

good landing, 25% of participants in moderate landing, and 52% of participants in 

poor landing. Padua et al. reported LESS score of female military students was 14% in 

excellent landing, 21% in good landing, 29% in moderate landing, and 36% in poor 

landing. [44] 

LESS score of group I was 3% of participants in excellent landing, 17% of 

participants in good landing, 17% of participants in moderate landing, and 63% of 

participants in poor landing. LESS score of group II was 21% of participants in 

excellent landing, 7% of participants in good landing, 43% of participants in moderate 

landing, and 29% of participants in poor landing. There was no independence between 

LESS score and skill levels (𝑥2 = 8.899, 𝑑𝑓 = 3, 𝑝 = 0.031). This result was similar 

with Peterson et al. who observed 264 football players for one year and Chomiak et al. 

who followed 398 football players for 1 year. Their studied showed significantly 

increased in incidence of injuries when comparing low skill athletes with the higher 

skill athletes. Also, Padua et al. used LESS protocol to evaluate ACL injuries in elite-

youth footballers. A total of 829 elite-youth footballers were participated in the study. 

During the follow-up period, there were 7 participants sustained ACL injuries. The 

results showed uninjured participants (4.43 ± 1.71) had significant lower LESS score 

than injured participants (6.24 ± 1.75, 𝑝 = 0.005). [47, 48, 62] 

The correlation between LESS score and physical performances was not 

significant. 

 

 

5.3 Beighton score 

Beighton score was used in diagnosing hypermobility. Participants with 

score 4 or more were identified as hypermobility. There was independence between 

beighton score and skill levels (𝑥2 = 1.682, 𝑑𝑓 = 1, 𝑝 = 0.195). There was 

independence between beighton score and sub-groups (𝑥2 = 2.622, 𝑑𝑓 = 3, 𝑝 = 0.454) 

which conformed to Collinge and Simmonds’ study. They were reported no significant 

difference in individual injury risk between the hypermobile and non-hypermobile 

groups in 33 second tier English professional footballers during season 2007/08 (𝑝 = 

0.920). Contrast with Konopinski et al. results which showed the tendency towards 
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increased incidence of injuries in hypermobile football players from 80 players 

comprising 3 English Championship football teams during season 2012/13. 

Hypermobile participants suffered a higher percentage of contact and jump-landing 

injuries relative to non-hypermobile participants. Ostenberg and Roos studied 

correlation to potential risk factors by followed-up 123 senior female European 

footballers from 8 teams of different levels for one season. They found that increased 

in general joint laxity was a significant risk factor for injuries (odd ratio = 5.3, p < 

0.001). [26, 53, 60] 

 

 

5.4 Sit and reach 

Sit and reach test was used to determine hamstring flexibility by measured 

the distance participants can reach while bending forward. Muscle and tendon were 

the primary purpose of stretching. Inadequate flexibility will restrict range of motion 

which may induces injuries. There was no significant difference in sit and reach 

distance between group I and group II. There was significant difference in sit and 

reach distance between LESS < 4 and 5 ≤ LESS < 6 (𝑝 = 0.046) but there was no 

significant in correlation (𝑟 = -0.113, 𝑝 = 0.467). Van Doormaal et al.’s study was 

showed no significant relationship between flexibility and injury in 450 male amateur 

footballers (p = 0.493). In contrast, Krivickas et al. reported a correlation between 

lower extremity muscle flexibility and injury in 201 college athletes. TIGHT scale was 

used to indicate lower muscle tightness and was ranged from 0 to 10. For each 

additional point increased, the risk of injury increased 23% (p = 0.02). [55, 56] 

 

 

5.5 3-Ways Star Excursion Balance Test 

Three-ways star excursion balance test was used to determine dynamic 

balance and postural stability control. Balance and postural stability depend on 

somatosensory system, vestibular system, and visual system. Poor in balance and 

postural stability control induces more stress to ligament and joint capsule. In sport 

activities, many injuries occurred when athletes lose control of their body in dynamic 

motion, also ACL injuries. This test can represent the ability to control balance in 
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dynamic by measured in distance. There were 3 directions in this test, anterior, 

posteromedial, and posterolateral which were measured separately. There was no 

significant difference in SEBT distance between group I and group II in all directions. 

The SEBT result in this study was conformed to the study of Plisky et al. in case of 

direction distance. In this study, posteromedial direction has the farthest distance, 

96.00 ± 15.22 cm in group I and 94.91 ± 7.70 cm in group II. Follow by posterolateral 

direction, 82.87 ± 12.44 cm in group I and 83.65 ± 9.45 cm in group II. The last 

direction, anterior, the distance was 65.88 ± 8.69 cm in group I and 64.12 ± 6.96 cm in 

group II. Plisky et al. reported distance in the same order, 98.9 ± 9.3 cm in 

posteromedial, 93.0 ± 9.7 cm in posterolateral, and 73.1 ± 5.8 cm in anterior. Also, 

Plisky et al. found SEBT to be predictive measurement for lower extremity injury in 

235 high school basketball players. Participants with anterior right-to-left reach 

difference more than 4 cm were 2.5 times more likely to sustain lower extremity 

injuries (p < 0.05). McGuine et al. did a cohort study by collecting the data from 210 

high school basketball players and found that high school basketball players who had 

higher postural sway were corresponded to increase some of lower extremity injuries 

(p = 0.001). Participants who demonstrated poor balance had nearly 7 times as many 

injuries as participants who had good balance (p = 0.0002). [43, 61] 

 

 

5.6 Vertical jump 

Vertical jump test was used to represent leg strength by measured the 

displacement from standing to jumping. Lower extremity muscle strength was used 

with many purpose in sport activities and associated with balance control, which may 

relate to injuries. There was no significant difference in vertical jump displacement 

between group I and group II. There was no significant difference in vertical jump 

displacement among each sub-group. These results did not oppose to Ostenberg and 

Roos, and Steffen et al. which showed no relationship between lower extremity 

muscle strength and non-contact ACL injury. Ostenberg and Roos studied correlation 

to potential risk factors by followed-up 123 senior female European footballers from 8 

teams of different levels for one season. There was no any statistical significant for 

muscle strength. Steffen et al. did a systematic review from 2007 to 2015 for English 
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Premier League footballers. The results showed that lower extremity muscle strength 

was not associated with an increased ACL injury risks. Beutler et al. also reported that 

lower extremity muscle strength did not significantly predict movement patterns in 

jump-landing by did a prospective cohort study from 2,753 participants using LESS 

protocol and isometric strength. Conversely, the studied by Ekstrand and Gulquist 

found those who suffered non-contact knee injuries were frequently seen in players 

with inadequate lower extremity muscle strength after prospectively followed 180 

senior male footballers for one year. [26, 57, 58, 59] 

Vertical jump displacement was the most correlated between LESS score 

and physical performances (𝑟 = -0.257, 𝑝 = 0.092). The tendency of vertical jump 

displacement was reverse variation with LESS score. This tendency insignificantly 

indicated that lower extremity muscle strength associated with movement patterns 

which showed through results (44.00 ± 6.90 in excellent landing group, 41.89 ± 3.85 

in good landing group, 40.21 ± 4.48 in moderate landing group, and 39.74 ± 6.21 in 

poor landing group). 

 

 

5.7 Limitations 

 

5.7.1 Sample size 

There were not enough female undergraduates who participated in 

basketball and volleyball at university activity level. 

 

5.7.2 Protocol 

This study was designed to be field test operation, mobile, inexpensive 

equipment, and easy to access. Further lab operation would result accurate outcome. 
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CHAPTER VI 

CONCLUSION 

 

 

This study was an observation research designed to evaluate relation 

between skill levels and risk of ACL injury by using LESS protocol in female 

undergraduates of Mahidol University. Participants were divided into 2 groups by their 

level of playing. Group I was participants who played in official match of basketball 

and/or volleyball but never participated at OHEC level in a past one year (n = 30). 

Group II was participants who played official match of basketball and/or volleyball at 

OHEC level in a past one year (n = 14). Main variable was LESS score which 

analyzed two videos from frontal and sagittal plane. Secondary variables were 

Beighton score, sit and reach distance, 3-ways SEBT (separated by each direction, 

anterior, posteromedial, and posterolateral), and vertical jump displacement. IBM 

SPSS version 19 was used for data analysis. Comparison of the results was separated 

between groups and between sub-groups. 

Characteristics data between group I and group II had no significant 

difference (age, height, body weight, and BMI). Physical performance between group 

I and group II had no significant difference (sit and reach, 3-ways SEBT, and vertical 

jump). There was independence between Beighton score and skill levels (𝑥2 = 1.682, 

𝑑𝑓 = 1, 𝑝 = 0.195). There was no independence between LESS score and skill levels 

(𝑥2 = 8.899, 𝑑𝑓 = 3, 𝑝 = 0.031). 

LESS score was used to separate all participants into 4 sub-groups. The 

sub-group with LESS score less than 4 (LESS < 4) was the excellent landing group (n 

= 4). The sub-group with LESS score equal 4 to less than 5 (4 ≤ LESS < 5) was the 

good landing group (n = 6). The sub-group with LESS score equal 5 to less than 6 (5 ≤ 

LESS < 6) was the moderate landing group (n = 11). The sub-group with LESS score 

equal or more than 6 (6 ≤ LESS) was the poor landing group (n = 23). There was no 

significant difference between each sub-group in SEBT all three directions and 
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vertical jump. Sit and reach was the only one parameter that had significant difference 

between excellent and moderate landing group (𝑝 = 0.046). 

In conclusion, risk of ACL injury is higher in lower skill athletes 

compared to higher skill athletes regardless of physical performance. 

 

 

6.1 Suggestions for further research 

All the participants were female undergraduates.  The highest experience 

was at collegiate level which training program may not intense enough to made any 

significant difference between group I and group II in physical performances.  Elite 

player group is recommended. 
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